Background Total hip arthroplasty (THA) is a successful procedure to treat end-stage hip osteoarthritis. The procedure is increasingly performed in adults of working age, who often wish to return to sports (RTS) and return to work (RTW). However, a systematic overview of the evidence on RTS and RTW after THA is lacking. Objectives Our aim was to systematically review (1) the extent to which patients RTS and RTW after THA, including (2) the time to RTS and RTW.
Abstract
Background Total hip arthroplasty (THA) is a successful procedure to treat end-stage hip osteoarthritis. The procedure is increasingly performed in adults of working age, who often wish to return to sports (RTS) and return to work (RTW). However, a systematic overview of the evidence on RTS and RTW after THA is lacking. Objectives Our aim was to systematically review (1) the extent to which patients RTS and RTW after THA, including (2) the time to RTS and RTW.
Methods We searched MEDLINE and Embase from inception until October 2017. Two authors screened and extracted the data, including study information, patient demographics, rehabilitation protocols and pre-and postoperative sports and work participation. Methodological quality was assessed using the Newcastle-Ottawa scale. Data on pre-and postoperative sports and work participation were pooled using descriptive statistics. Results A total of 37 studies were included, of which seven were prospective studies and 30 were retrospective studies. Methodological quality was high in 11 studies, moderate in 16 studies, and low in ten studies. RTS was reported in 14 studies. Mean RTS was 104% to the pre-surgery level and 82% to the pre-symptomatic sports level. Time to RTS varied from 16 to 28 weeks. RTW was reported in 23 studies; the mean was 69%. Time to RTW varied from 1 to 17 weeks. Conclusion A great majority of patients RTS and RTW after THA within a timeframe of 28 and 17 weeks, respectively. For the increasingly younger THA population, this is valuable information that can be used in the preoperative shared decision-making process.
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Introduction
Total hip arthroplasty (THA) to treat severe osteoarthritis (OA) of the hip joint is one of the most successful orthopedic procedures performed nowadays [1] . The use of THA has skyrocketed in recent decades. In the USA, utilization rates of THA doubled from 102 to 210 per 100,000 between 2000 and 2011 [2, 3] . Likewise, THA utilization rates have been steadily increasing in other developed countries, including the UK, Australia, and most European countries [2] . Numerous reasons for the increasing incidence of THA exist, including the ageing society and the growing prevalence of obesity [4] . Another important factor is patients' participation in an active lifestyle and in highly demanding work and sports activities, both at younger and at older ages [5] . The largest increase in absolute numbers of THA is observed in patients aged \ 65 years [2, 6] , with the greatest percentage increase in the group aged 45-54 years [3] .
There is patient demand for improved recovery after hip arthroplasty. Alterations of the technique with tissuesparing approaches may improve early recovery [7] . Improved bearing materials have shown better outcomes with less wear problems, allowing a return to daily activities with full impact [8] . In a younger and more active patient population, a return to daily activities includes return to sports (RTS) and return to work (RTW) [9, 10] . Although of major importance to the patient, scientific data on RTS and RTW issues after THA have been scarce. A systematic review concerning RTW identified seven studies and found that RTW ranged from 25 to 95% at 1-12 months postoperatively [11] . Timing of RTW ranged from 1.1 to 13.9 weeks. However, the authors did not pool their data for RTW because of the heterogeneity of included studies and found that the overall methodological quality of the included studies was moderate to low [11] . Since the search for the abovementioned review in 2013, newer studies have also focused on RTW after THA [12, 13] .
No previous study has systematically summarized the available evidence on RTS after THA. Klein et al. [14] evaluated the allowable or recommended sporting activities after THA based on recommendations from 549 orthopedic surgeons. In general, low-impact activities such as swimming, walking, and dancing were allowed, and intermediate-impact sports such as Pilates, ice-skating, and downhill skiing were allowed in individuals experienced in these activities. There was consensus between the surgeons that high-impact sports were not allowed. However, those recommendations were based on expert opinion and not supported by results from clinical studies. Although some research has been performed on RTS after THA, the actual extent of and time to RTS remain largely unknown [15, 16] . Furthermore, there appears to be a discrepancy between previous RTS recommendations and the actual sports participation that is achieved by modern-day THA patients [17] . Lastly, prognostic factors for RTS after THA have never been systematically reviewed.
A comprehensive evidenced-based review of the literature on the possibility of returning to both sports and work after THA is lacking. Therefore, the purpose of the present analysis was to systematically review the available evidence on the extent to which THA patients RTS and RTW and the timing of this return. In addition, reported prognostic factors for RTS and RTW were reviewed. The results of this study may aid the orthopedic surgeon in providing adequate guidance to future patients about the likelihood of RTS and RTW after THA.
Methods

Search Strategy
The PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines were used for this systematic review [18] . A research protocol was developed before the literature search was commenced. This protocol was published online at the PROSPERO International prospective register of systematic reviews (http://www.crd. york.ac.uk/PROSPERO/; registration number CRD42 016052471). A clinical librarian (JD) developed the search strategy in close cooperation with the first author. A systematic search in the MEDLINE and Embase databases was performed from inception until 24 October 2017. A scoping search consisting of citation analysis identified a set of relevant references. From this reference set, search concepts and, subsequently, search terms were derived. Main concepts were (sport OR work-related activities) AND {[(recovery of function OR surgery) AND longitudinal study design] OR (return to sports & work)} AND total hip arthroplasty. Details of the search strategy can be found in the Electronic Supplementary Material (ESM), Appendix S1. The reference lists of selected studies were screened to identify additional studies for inclusion. We also performed a cited reference search in Web of Science to identify more recent studies.
Eligibility Criteria and Study Selection
The results of our MEDLINE and Embase searches were cross-checked and duplicate papers were excluded. The titles and abstracts of the remaining papers were screened by two independent reviewers (AH, KJ) for suitability for inclusion. The Rayyan screening tool for systematic reviews was used to screen titles and abstracts [19] . Discrepancies were resolved by discussion; where there was doubt, the article was included in the full-text screening process. One author (KJ) then selected suitable studies based on the eligibility criteria established in the research protocol. This selection was then reviewed by a second author (AH), and discrepancies were resolved by discussion or by consulting a third reviewer (PK). Inclusion criteria were as follows: observation or intervention studies, describing patients with hip OA who underwent THA, who were participating in sports or working before surgery and intended to RTS and/or RTW after surgery. No restrictions were placed on language or publication year. Review articles were excluded for data extraction, but their references were checked for additional studies that were not identified in our primary search. Exclusion criteria were no primary diagnosis of hip OA, hip resurfacing arthroplasty, and no specific data about RTS or RTW.
Outcome Measures
The primary outcome was the percentage of patients RTS and/or RTW, and the timing of RTS/RTW. The secondary outcomes were specific activity outcome measures, including the University of California Los Angeles (UCLA) activity score (1-10, where 1 = no physical activity and 10 = extremely active) [20] and the Grimby scale (1-6, where 1 = hardly any physical activity and 6 = regular hard exercise) [21] . The Reichsausschuss für Arbeitszeitermittlung (REFA; German workload classification) classification system was used (0 = work with no physical demand and 4 = work with most heavy physical demand) as a work-related outcome measure.
Data Extraction
Data were systematically extracted from the included studies by one author, and this was independently repeated by a second author. Disagreements were resolved by discussion and, if necessary, by consulting a third reviewer. The authors used a standardized data extraction form that included the following data: (1) study information: author, year, country; (2) study design and follow-up; (3) information about study population: cohort, population size, sex, age, body mass index (BMI), comorbidities; (4) description of rehabilitation protocols used; (5) definition of outcome measures; (6) preoperative activity and definition, e.g., pre-symptomatic or at time of surgery; (7) postoperative activity; (8) RTS and RTW percentages and time to RTS and RTW; (9) confounding factors taken into account in the study, such as sex, age, BMI, motivation, surgeon's advice, preoperative sports participation, workload or sick leave. When information was missing or unclear, we approached the authors for additional information.
Quality Assessment
We used the Newcastle-Ottawa Scale (NOS) to assess the methodological quality of the studies [22] (ESM Appendix S2). One author (KJ) reviewed the quality of all included studies. This was independently repeated by two authors (AH and PK), who each reviewed half of the included studies. Discrepancies were resolved by discussion. With the NOS, every study is assessed on eight items, which are subdivided into three groups: the selection of the study groups (four items), the comparability of the groups (one item), and ascertainment of the outcomes of interest for cohort studies (three items). A maximum of one star can be allotted to every item in the selection of the study groups and ascertainment of the outcome groups of interest for cohort studies. A maximum of two stars can be assigned to the comparability of the groups. Thus, a study can receive a maximum of nine stars. In a previous systematic review, Takahashi and Hashizume [23] defined a study as of high quality if it scored seven or more stars. To further improve the distinction between high-and lowquality studies, we defined high-quality studies as those obtaining eight or nine stars for the present systematic review. A study was rated as moderate quality if it obtained six or seven stars. Studies with five stars or fewer were rated as low quality.
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Pooling Data
Patient demographics were analyzed using descriptive statistics. For pooling of RTS and RTW data, we used the methodology previously described by Witjes et al. [24] and Hoorntje et al. [25] for their studies on RTS and RTW after knee arthroplasty and knee osteotomy. Concerning RTS, studies were included if detailed numbers of patients who participated in specific sports pre-and postoperatively were presented. Sports were categorized as low, intermediate, or high impact based on the classification by Vail et al. [26] (ESM Appendix 3). We calculated pooled RTS percentages using descriptive statistics by comparing pooled pre-and postoperative sports participation data. Finally, these results were described as the average number of sports per patient. RTS percentages were analyzed for all included studies and separately for the high-quality studies. RTW data were pooled using descriptive statistics for studies that provided pre-and postoperative numbers of working patients. RTW percentages were analyzed for all included studies and separately for the high-quality studies. RTW was also analyzed separately for studies published before and after 2000 because of the large increase in THA utilization in patients of working age in the last 2 decades [27] . All statistical analyses were performed using SPSS (version 24.0.; IBM Corp, Armonk, NY, USA). Figure 1 presents the PRISMA flowchart of our screening process. Our primary search in the MEDLINE and Embase databases yielded 1514 articles. After removing 498 duplicates, 1016 articles remained. After screening of titles and abstracts, we excluded 924 articles. Thus, 92 full-text articles were screened for eligibility. After full-text screening, 37 studies were included. Reasons for exclusion of full-texts were wrong outcome measure (n = 19), wrong study design (n = 15), no full text available (n = 11), wrong population (n = 5), same cohort (n = 4), and insufficient data (n = 1). Searching the references of the included studies provided one additional study [28] . [12, 13, [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] , and two reported both RTS and RTW [28, 42] . The total number of included patients was 6485, with 3066 males (47%) and 3016 females (47%). Five studies did not report the sex distribution in their cohort, thus sex was unknown for 6% of the included patients [30, 31, 36, 38, 40] . The mean duration of follow-up was 3.8 years (range 0.25-11), with one study not reporting time to follow-up [56] . The mean age across studies ranged from 38 to 71 years, with a total age range of 14-98 years. Patients' BMI was specified in 14 studies, with mean BMI varying from 22 to 32 kg/m 2 . One study provided information on comorbidities [33] . The authors described that, of the included 420 patients, 7% had diabetes, 45% had hypertension, and 11% had gout. The approach was described in ten studies: one study used a direct anterior approach, two used an anterolateral approach, three used a posterolateral approach, three used a posterior approach, and one used a two-incision approach. The rehabilitation protocol was described in 13 studies. Immediate full weight bearing was allowed in seven studies [29, 32, 35, 43, [51] [52] [53] and partial weight bearing was recommended for 3-6 weeks in four studies [37, 40, 46, 54] . Two studies compared restricted and unrestricted movement protocols [49, 52] . The use of crutches was advised for 4-8 weeks in three studies [32, 35, 40] . Table 2 summarizes the results of the quality assessment. The methodological quality was rated as high in 11 studies, moderate in 16 studies, and low in ten studies. The lowest risk of bias was found for the item ''selection of the cohort'' (36 studies scored a star), the item ''ascertainment of exposure'' (34 studies scored a star), and the item ''demonstration that the outcome of interest (RTS/RTW) was not present at the start of the study'' (36 studies scored a star). The highest risk of bias was found for the item ''assessment of outcome,'' for which ten studies scored a star ( Table 2 ).
Results
Literature Search
Study Characteristics
Methodological Quality
Return to Sports
Of 15 studies that reported RTS and time to RTS, 14 reported the percentage of patients that RTS. Mean RTS percentages varied from 43 to [ 144%, the latter indicating that more patients participated in sports activities postoperatively than preoperatively (Table 1) . Ten studies describing the preoperative sports level as the moment before surgery (pre-surgery level) reported RTS percentages from 48 to [ 100%. Four studies describing preoperative sports participation as the moment before the onset of restricting hip symptoms (pre-symptomatic level) reported that 43, 82, 86 , and 100% could RTS [30, 34, 40, 41] . For the two high-quality studies, Huch et al. [33] and Schmidutz et al. [37] , RTS was [ 100% and 98%, respectively, relative to the pre-surgery level. In addition, Huch et al. [33] reported RTS with lifetime sports participation as a reference level and found an average RTS of 53%. Five studies reported time to RTS, with the average being 21.0 weeks (range 15.5-28.0) [30, 35, 36, 39, 42] . No studies with a low risk of bias reported time to RTS. In addition, Chatterji et al. [31] , Innmann et al. [34] , and Schmidutz et al. [37] reported the cumulative percentage of patients that had returned at different time points (Table 1) . 27%; 3-4 mo: 25%; 5 to C 6 mo: 48% Data could be pooled for 14 studies that reported exact numbers of patients participating in sports pre-and postoperatively (Table 3) , including 2318 patients (60% male, median age 62.9 years). Overall, RTS was 100%, but this percentage depended on the definition of the preoperative sports level. Average return to pre-surgery sports level was 104%, and average return to pre-symptomatic sports level was 82%. Both high-quality studies reported the return to pre-surgery sports level and found an average RTS of 131% (Table 3 ). In addition, one high-quality study also reported return to lifetime sports level, with an average RTS of 53% (Table 3 ).
In total, 11 studies described specific numbers of sports that were practiced pre-and postoperatively (Table 4) , including 1605 patients (65% male, median age 63.0 years). Preoperatively, 1605 patients practiced an average of 1.1 sports, including 62% low-impact sports, 24% intermediate-impact sports, and 14% high-impact sports. Postoperatively, 1605 patients practiced an average of 1.0 sports, including 69% low-impact sports, 23% intermediate-impact sports, and 8% high-impact sports (Table 4 ). In the high-quality studies, 488 patients practiced an average of 1.3 sports preoperatively, including 52% low-impact sports, 37% intermediate-impact sports, and 11% high-impact sports. Postoperatively, 488 patients practiced an average of 1.1 sports, including 57% lowimpact sports, 40% intermediate-impact sports, and 3% high-impact sports.
Return to Work
Of 24 studies that reported RTW and time to RTW, 23 reported the mean percentage of RTW, which varied from 25 to [ 122%, the latter indicating that more patients worked postoperatively than preoperatively (Table 1) . For the high-quality studies, mean RTW percentages were 66, 67, 68, 85, 87, 87, 90, 93, and 122%, respectively [13, 44, 47, 48, 50, 55, 57, 59, 62] . Time to RTW was reported in eight studies, and the mean duration of inability to work varied from 1 to 17 weeks. Pooling of studies, including 3536 patients (53% male, median age 52.7 years), showed that 3097 patients worked preoperatively and overall RTW was 69% (Table 5 ). For the highquality studies, a mean RTW of 83% was found. A large difference in RTW was found between studies published before or after 2000, with a mean RTW of 44% for studies published in or before 2000 and 86% for those published after 2000 (Table 5 ). Pooling of studies that reported time to RTW showed a mean inability to work of 8.9 weeks. For the high-quality studies (n = 2), a mean inability to work of 11.4 weeks was found [50, 57] . 
Secondary Outcome Measures of Physical Activity
The UCLA activity score was reported in six studies. Abe et al. [29] compared postoperative joggers with nonjoggers and found a significantly higher postoperative UCLA score (mean ± standard deviation [SD]) of 10 ± 0 for joggers (n = 23) compared with 6.6 ± 2.4 for nonjoggers (n = 585). Hara et al. [32] found that both preoperative and postoperative UCLA scores were significantly We considered a study to be of high quality when the total score was eight or nine stars, moderate quality when the total score was six or seven stars, and low quality when the total score was five stars or fewer No. number, pt(s) patient(s), RTS return to sports a Huch et al. [33] reported both the pre-surgery and lifetime sports participation Table 4 Pooled data for pre-and postoperative sports participation for different types of sport impact levels Impact level Preoperative sports participation (11 studies) Postoperative sports participation (11 studies) Sports (n) Pts (n) Average sports/pt, n (%) Sports (n) Pts (n) Average sports/pt, n (%) higher in patients who participated in sports postoperatively than in those who did not: 4.3 ± 2.3 versus 3.5 ± 2.0 preoperatively and 5.7 ± 1.8 versus 4.1 ± 1.5 postoperatively. Innmann et al. [34] found a significant increase in UCLA score 11 years after THA, from 3.8 ± 1.6 preoperatively to 6.2 ± 1.5 postoperatively. Karampinas et al. [35] reported that UCLA scores significantly improved from 3.5 to 6.7 (SD unknown) in the big femoral head group and from 3.8 to 7.9 (SD unknown) in the short metaphyseal stem group. Raguet et al. [41] found a postoperative UCLA score of 10 for seven patients participating in ultrarunning. Lastly, Schmidutz et al. [37] found a postoperative UCLA score of 7.6 ± 1.9 after a mean follow-up of 2.7 years. The Grimby scale was reported in one study. Chatterji et al. [31] found a mean postoperative Grimby scale score of 3.5 ± 1.2, at 1-2 years after surgery.
Confounding Factors: Return to Sports
Of 15 studies reporting RTS, ten analyzed the effect of one or more confounding factors on RTS. Age was analyzed in eight studies, of which three found an age-dependent decline in RTS [29, 31, 33] and five found no association [32, 34, 37, 40, 42] . Sex was analyzed in five studies: two found a higher RTS in men than in women [29, 33] , and three found no association [31, 34, 37] . BMI was analyzed in three studies, which found no association with RTS [29, 32, 40] . Four studies analyzed preoperative sports participation, and all found higher RTS in patients who had already participated in sports preoperatively [29, [31] [32] [33] . Additionally, Hara et al. [32] found that a higher preoperative UCLA score was associated with higher RTS. Lastly, one study analyzed the level of impact and found the chance of returning to intermediate-and high-impact sports activities was lower than that of returning to lowimpact activities [37] .
Confounding Factors: Return to Work
Of 24 studies reporting RTW, 22 analyzed the effect of one or more confounding factors on RTW. Age was analyzed in 13 studies, of which four found higher RTW in younger patients [13, 44, 48, 59] and nine found no association [36, 42, 45, 47, [55] [56] [57] [58] 62] . Sex was analyzed in 12 studies, of which two found that men returned to work faster than did women [50, 55] and ten found no association [13, 44, 45, 47, 56-59, 61, 62] . The three studies that analyzed BMI found no association with RTW [45, 57, 61] . Workload was analyzed in 11 studies, of which six found that higher preoperative workload resulted in lower RTW [45, 47, 48, 56, 59, 60] and two found that higher workload resulted in longer postoperative inability to work [12, 55] .
Three studies found no association between workload and RTW [13, 44, 46] . Additionally, three studies found that patients with higher education returned to work faster and more often [12, 13, 55] , and one study found that patients with elementary school education returned to work considerably less often [56] . Three studies found no association between education level and RTW [44, 57, 58] . Five studies analyzed preoperative sick leave and found it to be associated with lower RTW [12, 13, 47, 50, 62] . Additionally, one study found that patients who collected a disability insurance preoperatively were less likely to RTW [44] . Self-employment was analyzed in three studies, of which one found that self-employment resulted in partial or no RTW [13] and two studies found no association [44, 50] . Job satisfaction was analyzed in two studies, one of which found that 97% of patients who returned to work were satisfied with their job [58] . In contrast, one study found lower job satisfaction in patients who did RTW [44] . THA approach was analyzed in three studies, one of which found that the mini-posterior approach resulted in higher RTW than did the direct anterior approach [53] . Two other studies found no association [44, 51] . Two studies investigating a restricted compared with an unrestricted rehabilitation protocol found that patients in the unrestricted rehabilitation protocol returned to work more often [49] and faster [52] than those with a restricted protocol.
Discussion
The aim of the present systematic review and meta-analysis was to investigate the extent of RTS and RTW after THA. Our most important finding was that a large percentage of patients returned to sports and work after THA. Concerning sports participation, the percentage of patients returning to any type of sports activity varied from 43 to [ 100%, indicating that more patients participated in sports postoperatively than preoperatively. The average time to RTS was 21 weeks. We also found a decrease in participation in high-impact sports activities and a corresponding increase in participation in low-impact activities. Concerning work resumption, the percentage of patients who could RTW varied from 25 to [ 100%, and the average time to RTW was 9 weeks.
Return to Sports
Our meta-analysis revealed an overall RTS percentage of 100%. However, this percentage varied considerably with the preoperative reference point that was used to define sports participation. For instance, 104% of patients returned to their pre-surgery sports level, whereas only 82% returned to their pre-symptomatic level. As stated, we believe that the pre-symptomatic level represents a more appropriate reference point for RTS, since many patients limit their sports participation before joint replacement because of pain and functional limitations [24, 25] . Still, our finding that more patients participated in sports postoperatively compared with their pre-surgery sports level, with an RTS of 104%, is encouraging. Both high-quality studies used the pre-surgery level and not the pre-symptomatic level as a reference and consequently found very high RTS percentages (98 and 144%) [33, 37] . Huch et al.
[33] also compared lifetime sports participation with postoperative sports participation and found an overall RTS of 53%. However, this is likely an underestimation, since lifetime participation also includes sports that patients practiced in their youth and had stopped practicing for reasons unrelated to their hip. Overall, an RTS of 82% after THA seems the best estimate, which is in accordance with findings in patients undergoing knee arthroplasty and knee osteotomy [24, 25] .
Return to Work
Regarding return to work, our meta-analysis revealed an overall RTW of 69%. The previous systematic review by Tilbury et al. [11] did not pool RTW data, hampering the comparison with the present review. However, the authors described that RTW ranged from 25 to 95% in seven studies. For the present review, we found 23 studies reporting RTW percentages, which varied from 25 to [ 100%. Thus, the newly published studies that we identified reported a range similar to that in the previous review [11] . Given the increasing number of THAs performed in working age patients in the last 2 decades [27], we compared RTW percentages for studies published before and after 2000. As expected, the pooled RTW percentage was considerably higher in studies published after 2000 (86 vs. 44%). Apart from the increased utilization of THA in patients of working age, this difference might also be attributed to the large increase in less physically demanding jobs in developed countries as well as more liberal recommendations concerning RTW after THA. This was illustrated by findings of two studies describing differences in RTW and time to RTW between a restricted and unrestricted rehabilitation protocol [49, 52] . Mikkelsen et al. [49] found higher RTW in an unrestricted group (no movement restrictions, RTW of 54%) than in a restricted group (restricted hip movement for 3 months; RTW of 32%). Peak et al. [52] found that patients in an unrestricted group (no movement restrictions) returned to work after 6 weeks compared with 9 weeks in a restricted group (movement restrictions for 6 weeks). Interestingly, none of the other included studies mentioned the effect of rehabilitation protocol or surgeons' advice concerning RTW.
Thus, the effect of different rehabilitation protocols and surgeons' recommendations on RTW and time to RTW is an important topic for future studies. Lastly, one included study reported that 5 of 67 patients (7%) did not RTW, whereas nine patients (13%) could only partially RTW [13] . Since most patients expressed a preoperative desire to fully RTW, this subtotal loss of work capacity might be clinically relevant. Therefore, future studies should aim to distinguish between a full and partial RTW after hip arthroplasty.
Prognostic Factors
Prognostic Factors for Return to Sports
Regarding RTS, increasing age was associated with a decline in RTS in three studies, whereas five studies found no association. However, of those five studies, three limited their inclusion to patients aged \ 60 years [34, 37, 40] and one study included a small number of patients [42] , thus limiting statistical validity. In general, above the age of 65 years, a postoperative decline in sports participation might be expected for THA patients. An important prognostic factor for RTS is preoperative sports participation, which was analyzed by five studies, all of which found higher RTS in patients who had participated in sports preoperatively. This is in line with findings in patients undergoing knee arthroplasty and knee osteotomy [24, 25] . Only one study analyzed the impact level of a sport; the authors found that participation in intermediate-and highimpact sports was associated with lower RTS than participation in low-impact sports. Remarkably, patients' motivation to RTS, which is a proven prognostic factor for RTS in patients undergoing hip and knee arthroplasty [24, 63] , was not mentioned in any of the included studies. Furthermore, surgeons' advice is a main reason for patients to refrain from sports participation after THA [15, 63] , but none of the included studies adjusted for this. Compared with the 1999 Hip Society recommendations for athletic activity after THA [64] , subsequent expert opinion surveys found an increasing tolerance for and acceptance of granting patients permission to return to higher-impact activities, such as downhill skiing or ice skating [14, 65, 66] . Interestingly, Swanson et al. [65] found that high-volume hip surgeons were more liberal in their recommendations, indicating that, as experience with THA and RTS grows, orthopedic surgeons become less cautious. Thus, a trend of allowing more sports activities after THA can be observed over the past 2 decades. Although our data suggest that patients do engage in intermediate-and high-impact sports activities, we observed a shift from high-impact sports activities to lowimpact sports activities. From a surgeon's point of view, this may seem desirable, but it is important to discuss this with the patient before surgery. High-impact sports activities are known to negatively influence THA durability [67] . However, as some of the included studies have shown, a limited proportion of patients do participate in high-impact activities such as tennis, running, and judo. For many of these patients, the possibility of continuing their high-impact activities is the main reason for surgery. It appears that the experience level of patients, which was high in all patients returning to high-impact activities, influences the possibility of RTS. Thus, despite the increased risk of mechanical failure, a return to high-impact activities should not be completely ruled out, especially in experienced patients. The 15-year survival rate in highly active patients is reported to be approximately 80% for bearings that were used 20 years ago [68] . The risk of dislocation and fractures is low. To address the needs of active patients, surgeons can use bearings with low wear rates and femoral heads up to 36 mm in diameter [68] . Future studies are needed to identify the thresholds for physical activity in patients undergoing hip arthroplasty, above which the negative effects in terms of prosthesis wear exceed the positive effects in terms of general health improvement and patient satisfaction [15, 17] .
Prognostic Factors for Return to Work
This systematic review is one of the first studies to systematically summarize the effects of confounding factors on RTW [11, 69] and the first to summarize the effects of confounding factors on RTS. These findings provide additional guidance for the orthopedic surgeon and the patient in preoperative counseling and discussing the probability of RTW and RTS. Regarding RTW, a previous literature review identified two studies of confounding factors influencing RTW after THA, both of which found that preoperative sick leave was associated with lower RTW [70] . Another review identified 15 studies describing beneficial or limiting factors for RTW after THA but did not summarize these findings [11] . Our systematic review identified 22 studies reporting on confounding factors for RTW. Preoperative sick leave appears to be a consistent prognostic factor for RTW. All studies that included preoperative sick leave in the analysis found lower RTW for patients who were absent from work preoperatively, which is in line with findings in patients undergoing knee arthroplasty [24, 71, 72] . Furthermore, a higher preoperative workload was associated with lower RTW in most studies. Similarly, a higher level of education, which results in more white-collar jobs and thus a lower physical workload, was associated with higher RTW. Factors such as collecting a preoperative disability pension or disability insurance, job satisfaction, employment versus selfemployment, and THA approach, might be associated with RTW. However, only a limited number of studies investigated these factors, and more research is needed to verify this. To this end, future studies of RTW in THA patients should collect and discuss these factors.
Limitations
A limitation of the present analysis is the low availability of high-quality, prospective studies. Most studies had a retrospective design, thus increasing the risk of recall bias. Also, methodological quality was rated as moderate or low in most studies. Furthermore, no validated questionnaires for the assessment of RTS and RTW exist, which hampers comparisons between studies. The development of a core outcome set will allow for more reliable and valid collection of patient data on work and sports participation before and after THA [73] .
Conclusion
Most patients were able to RTS and RTW after THA within a timeframe of 28 and 17 weeks, respectively. Participation in high-impact sports activities is less likely but not impossible. Furthermore, RTW with a high workload or after prolonged preoperative sick leave is less likely. For the increasingly younger THA population, this is valuable information that can be used by the orthopedic surgeon and the patient in the preoperative shared decisionmaking process.
